Removal of the spleen had already been established as a routine technique to treat splenic trauma and other diseases affecting the spleen before the anatomy, physiology, and function of the spleen were known in the mid-twentieth century. It is now widely accepted that the splenectomized individual is at increased risk for infection, in particular, overwhelming post-splenectomy infection (OPSI). OPSI is a syndrome of fulminant sepsis occurring in splenectomized (asplenic) or hyposplenic individuals that is associated with high mortality and morbidity. Poorly opsonized bacteria such as encapsulated bacteria, in particular, Streptococcus pneumoniae, are often implicated in sepsis. The spleen is a reticuloendothelial organ that facilitates opsonization and phagocytosis of pathogens, in addition to cellular maintenance. Splenectomy is associated with an impairment in immunoglobulin production, antibody-mediated clearance, and phagocytosis, leading to an increased risk of infection and sepsis. Early identification of the at-risk patient, early blood cultures prior to antibiotic administration, urgent blood smears and fast pathogen-detection tests, and sepsis bundles should be utilized in these patients. Prompt management and aggressive treatment can alter the course of disease in the at-risk splenectomized patient. Overwhelming postsplenectomy infection can be prevented through vaccination, chemoprophylaxis, and patient education. This article evaluates post-splenectomy sepsis by summarizing the anatomy and function of the spleen, physiological changes after splenectomy that predispose the splenectomized patient to infection, and current management and prevention strategies.
Introduction
Splenectomy had been performed for centuries prior to the establishment of the spleen's physiology and function. The first documented splenectomy was performed in 1549 to remove a symptomatic enlarged spleen. 1 During the nineteenth century, it was realized that splenectomy was an ineffective treatment for leukemia but could be utilized to treat penetrating injuries to the left upper quadrant of the abdomen. By the mid-twentieth century, it was a therapy for idiopathic/immune thrombocytopenia purpura (ITP). 2 Morris and Bullock in 1919 were the first to provide evidence that splenectomy was associated with increased number of infections and impaired immunity to fight infection by infecting non-splenectomized and splenectomized rodents with the bacillus of rat plague. 3 Reports of overwhelming post-splenectomy infection (OPSI) began to appear and it became clear that splenectomy was associated with impaired antibody synthesis and production, in addition to other immunological impairments. 2, 4 Greater understanding of the spleen's anatomy and physiology in the last century has altered the approach to diseases involving the spleen and development of strategies to prevent post-splenectomy sepsis and the outcomes associated with OPSI.
There are many challenges in optimizing management and prevention of OPSI. Current strategies for prevention of infection involve patient education, vaccination, and antibiotic prophylaxis, in addition to ongoing involvement with a clinical registry such as the Spleen Australia registry. Limited effectiveness of vaccines and antibiotics in addition to variable adherence and compliance to recommendations are both factors that limit optimal protection and prevention of infection. In this review, we describe existing strategies for prevention and management, the challenges in prevention and management, and the solutions required to improve our approach to post-splenectomy sepsis.
Background Splenectomy
Splenectomy is performed as a life-saving procedure in traumatic events, a therapeutic procedure in hematological conditions, a life-preserving procedure in malignant conditions, and a tactic for diagnosis of disease. The incidence of splenectomy is approximately 6.4-7.1 per 100,000 per year around the world. [5] [6] [7] [8] It is most commonly performed for trauma and hematological conditions. Approximately onequarter of splenectomies are performed in a trauma setting, often where trauma to the abdomen has led to rupture of the spleen and consequent internal bleeding with life-threatening hemodynamic instability. 7 Splenectomy for trauma is on the decline with increasing use of alternative procedures. Another 25% of splenectomies are performed in the setting of hematological diseases such as immune thrombocytopenia purpura, sickle cell disease, thalassemia, and hereditary spherocytosis. 7, 9, 10 In addition to its use in the treatment of local malignancy, it is sometimes performed following iatrogenic injury during an unrelated abdominal procedure. 7 Splenic function can be absent (asplenia) following surgical splenectomy or at birth (congenital asplenia) as a consequence of genetic variations such as isolated congenital asplenia and asplenia syndrome. 11, 12 Splenic function can also be impaired (hyposplenism) secondary to medical conditions, including but not limited to celiac disease, inflammatory bowel disease, and systemic lupus erythematosus. 13 The anatomical structure of the spleen facilitates its physiological functions of filtration and cellular quality surveillance, and in the absence of the spleen, impairment in these functions predisposes these individuals to infection.
Splenic anatomy
The spleen is highly vascular: filtering 150 mL of blood per minute. Its unique architecture and circulation facilitate its functions of culling senescent erythrocytes, removing intra-erythrocytic inclusions and removing pathogens from the bloodstream.
Vasculature and innervation
The spleen receives its vascular supply from the splenic artery, a branch of the coeliac trunk, and collaterals from surrounding organs. The splenic artery enters at the splenic hilum and branches sequentially into central arteries and arterioles, terminating once splenic parenchyma is encapsulated in a lobulated fashion. Splenic microcirculation is characterized by an open circulation where central arterioles end in the splenic cords. This traps blood in a high pressure and low flow environment. This mechanism slows the filtration of blood, allowing for optimal pathogen clearance through increased exposure of foreign or unwanted material to splenic macrophages. This mechanism also traps damaged or senescent cells that have lost their membrane flexibility as blood must squeeze past gaps in the endothelium of venous sinuses to return to the circulation. During this process, the splenic macrophages also have the ability to remove intra-erythrocytic inclusions ("pitting") such as Howell-Jolly bodies, erythrocyte "pits" and siderocytes without destruction of the entire erythrocyte. [13] [14] [15] [16] Many authorities have described the presence of a closed circulation in addition to an open circulation. 13, 17 However, Steiniger and colleagues (2011) 18 noted that other than the initial study by Weidenreich and colleagues (1901) , 19 repeated anatomical studies have not been able to prove the presence of the closed circulation suggesting that it may not exist. Regardless of its presence, blood leaves the spleen through venous sinuses.
In addition to its arterial and venous vasculature, the spleen is innervated by parasympathetic and sympathetic fibers. Under adrenergic stimulation, the spleen can contract and expel a sequestered population of platelets, erythrocytes, and granulocytes from the parenchyma into the circulation. [20] [21] [22] [23] 
Parenchyma
The spleen consists of red pulp, white pulp, and an intermediate marginal zone ( Figure 1 ). Upon repeated analysis of human spleens, Steiniger and colleagues (1997) noted that many descriptions of human splenic micro-anatomy 13, 17 reflect murine splenic micro-anatomy. 24 This is presumably based on the assumption that the anatomy of the spleen in the human and mouse is the same. However, studies performed by Steiniger and colleagues, 24 and Van Krieken and Te Velde, 25, 26 have shown that although the human and murine spleen share some similarities, there are many differences in their architecture and distribution of cells. Splenic red pulp in both humans and mice consists of splenic cords and venous sinuses. The red pulp constitutes 75% of the total splenic volume and is involved in maintenance of erythrocytes, sequestration/storage of cells including erythrocytes, granulocytes and platelets, and storage of iron. In the red pulp of the human spleen, there is a perifollicular zone, a compartment where erythrocytes accumulate outside of the marginal zone. 24 The white pulp is primarily lymphocytic and consists of the remaining 25% of the splenic volume. In the human spleen, it consists primarily of B-lymphocytes (follicles) and some T-lymphocytes. Typical descriptions of splenic anatomy describe a peri-arteriolar lymphoid sheath (PALS; T-cell dominant), the follicle (B-cells), and the marginal zone. However, although this structure is true for murine spleens, in the human there are not continuous T-cell sheaths which encapsulate the central arterioles. Rather, the human white pulp consists predominantly of B-cells with follicles interrupting the T-cell dominant zones and encapsulating central arterioles.
The marginal zone is typically described as a layer that surrounds the T-cell and B-cell dominant zones, situated between the red and white pulp. It is thought to allow lymphocytes to continuously pass between the blood in the red pulp and the lymphocytic white pulp. The marginal sinus, the intermediate layer of the marginal zone in the mouse, is not present in humans. Rather, the perifollicular zone in the human red pulp is thought to play the role of the murine marginal sinus. 24 
Splenic development and changes with aging
The spleen arises from mesoderm in the dorsal mesogastrium during gestation. Accessory spleens, present in 14.5% of the population, 27 arise where condensations of mesoderm fail to fuse.
There is poor protection to encapsulated bacteria during the early and late years of life and this may be associated with splenic cellular maturity. Cellular maturation of the spleen occurs during the first two decades of life. Initially, there is a high concentration of follicles in the spleen which decreases with age. After the third decade, where follicles peak in size, follicular cellularity reduces until they are atrophic by the eighth decade of life, suggesting that immunological splenic function deteriorates with age. 28 
Spleen function

Immunological function
The spleen can initiate immune responses to blood-borne antigens, produce antibodies, and clear antibody-mediated pathogens. The spleen consists of cells involved in both innate and adaptive immunity. The structure and cellular constituents of the spleen that provide splenic immunological function have been recently reviewed. 29 Splenic macrophages have the ability to detect and remove bacteria in the circulation. Red pulp macrophages filter the blood and remove bacteria, damaged erythrocytes, and erythrocyte inclusions. Marginal zone macrophages remove cellular debris in the marginal zone and tingible body macrophages remove B-cell debris in the germinal center of the follicle. In addition to macrophages, there are also dendritic cells, natural killer cells, and monocytes that are involved in inducing T cell responses to pathogens. 29 The white pulp of the spleen is B-cell dominant (follicles) with some T cell zones. Splenic B cells are required to produce specific antibodies for immunity (affinity maturation) and to enhance cytotoxic T-cell activity. Some bacteria such as encapsulated bacteria require opsonization to facilitate phagocytosis. In this case immunoglobulin (Ig)-M memory B cells, present where there is a functioning spleen, produce IgM that acts as an opsonin to facilitate the clearance of the polysaccharide-encapsulated bacteria. The spleen also produces and maintains levels of tuftsin which is involved in stimulating phagocytosis. 30 The cellular structure of the spleen is designed not only to effectively provide immunity, but it also effectively removes damaged erythrocytes from the circulation.
Hematological function
Erythrocytes must squeeze through endothelial gaps to exit the splenic cords and enter the venous sinuses for drainage. This slowed mechanism allows for splenic macrophages to remove any undesired intra-erythrocytic inclusions and phagocytose defective or old erythrocytes with reduced membrane flexibility that are unable to enter into the venous sinuses.
The spleen also sequesters blood cells including platelets. The spleen is thought to pool approximately one-third of the total platelet volume in addition to sequestration of erythrocytes and granulocytes.
Tests of splenic function evaluate the capacity of the spleen to remove intra-erythrocytic inclusions such as Howell-Jolly bodies and erythrocyte pits, in addition to its ability to maintain IgM memory B cell population.
Tests of splenic function
Howell-Jolly bodies can be seen on a routine peripheral blood smear (Giemsa-Wright stain) where splenic function is impaired. This is a simple and quick qualitative test to evaluate splenic function. When present on film, it is a good marker to identify an individual with impaired splenic function. After splenectomy, however, its presence does not always exclude the presence of ectopic splenic tissue. 31 Pitted red cell (erythrocyte) counting is a more sensitive test of the erythrocyte maintenance function of the spleen as it can better evaluate the splenic function, even in the setting of ectopic splenic tissue. 31 This test is performed using differential interference contrast (DIC) microscopy to count the proportion of erythrocytes that have pits (membrane vacuoles). A pitted red cell count of less than or equal to 4% is associated with normal splenic function, whilst a count above 4% is associated with impaired splenic function. 13 To evaluate the immunological capacity of the spleen, IgM memory B cells can also be measured. After splenectomy, IgM memory B cells are absent or significantly reduced. 33, 34 In addition to these blood tests, splenic function can also be evaluated using nuclear medicine techniques such as scintigraphy. 99m-Technetium-labeled heat-denatured red cell scans or 99m-Technetium-labeled sulfur colloid scans can be utilized to evaluate the morphology and function of the spleen.
Consequences of splenectomy
Although the function of the spleen is not imperative for survival, removal of the spleen is not without consequences. Prior to the twentieth century, the spleen was largely considered an obsolete organ. However, it is now evident that splenectomy is associated with an increased risk of infection and thromboembolism. 8 After splenectomy, there are alterations to cell counts, cell quality, and immunological responses. Initially after splenectomy, a reactive thrombocytosis and leukocytosis can be seen. The reactive thrombocytosis often resolves after 6 to 12 months after splenectomy, but not uncommonly may persist. The leukocytosis is primarily granulocyte driven, as neutrophils are often elevated after splenectomy, 35 and has seen to persist many years after splenectomy. 36 Howell-Jolly bodies (the nuclear remnant of the erythrocyte predecessor), characteristic for asplenia, appear approximately 30 days after splenectomy. 33 An increase in erythrocyte pits ( Figure 2) can also be seen shortly after splenectomy. 37 In addition to altered erythrocyte quality, lymphocyte cohorts proportions are altered. Although total B lymphocytes remain largely intact, there is a significant reduction in immunoglobulin (Ig)M memory B cells and switched B cell proportions may also be reduced. This occurs approximately 150 days postsplenectomy. 33 This leads to a predisposition to infection by bacteria encapsulated by a polysaccharide capsule and reduction in the immunological response to polysaccharide vaccines. 38, 39 These hematological and immunological alterations predispose the splenectomized individual to infection.
Infection following splenectomy
Removal of the body's largest lymphoid organ is associated with increased risk of infection, among other complications including thromboembolism. Following splenectomy, individuals have an elevated risk of infection, in particular to encapsulated bacteria, Gram-negative pathogens such as Capnocytophagia carnimorsus and Bordetella holmesii, 40, 41 and intra-erythrocyte parasites such as Malaria and Babesia. 42, 43 Overwhelming post-splenectomy infection In addition to their increased risk of infection, splenectomized individuals are at risk to OPSI. OPSI, although variously defined, 44, 45 is generally defined as a syndrome of fulminant sepsis that may initially present as generalized non-specific viral symptoms but very quickly deteriorates into a fulminant sepsis within 24-48 hrs. OPSI may initially present as a mild viral-like illness that can be difficult to diagnose early on. Symptoms of OPSI include fever, shakes, shivers, chills, diarrhea, and vomiting. As a syndrome, there is no specific diagnostic criteria for OPSI. However, the splenectomized individual with these symptoms should be considered at risk for OPSI. The incidence rate of OPSI among splenectomized individuals is 0.13 per 100 person years 46 and is associated with significant morbidity and up to 50-70% mortality. 47 Early identification and prompt management are suggested to reduce mortality rates. 48 The risk of infections is highest in the first 2 to 3 years following splenectomy but remains elevated for the individual's life. 8, 44, 49, 50 Young children (under the age of 2) and individuals splenectomized for hematological malignancy or malignant conditions are at highest risk for sepsis, 44, 51 whereas individuals splenectomized for trauma have the lowest risk. Presence of functional splenic tissue, commonly seen after splenectomy for trauma, may be protective against infection. Physiological alterations to immunity and use of therapeutic agents in the case of hematological disease and malignancy are likely to further increase the risk and propensity of severe infection.
OPSI is often caused by encapsulated bacteria (bacteria with a poorly opsonized polysaccharide capsule) such as Streptococcus pneumoniae, Neisseria meningitidis, and Haemophilus influenzae type b or Gram-negative bacteria such as Escherichia coli and Pseudomonas species (spp.). Sepsis is a syndrome of systemic inflammation caused by an infection. It is characterized by increased vascular permeability, dysregulated vascular tone (increased nitric oxide and prostaglandin), and activated inflammatory mechanisms including pyroptosis (pro-inflammatory cell death mechanism following inflammasome activation) that lead to elevated inflammatory mediators such as TNFα. [52] [53] [54] Abolishment of the effective opsonizing filter function of the spleen leads to an increase in infections of poorly opsonized bacteria. Impaired clearance of the offending pathogen, due to delayed and impaired immunoglobulin production 33, 55, 56 and reduced phagocytic function (absent splenic macrophages and reduced tuftsin production), 30, 55 increases both the rates of infection and the propensity for severe infection. The complement system in the splenectomized patient is largely intact as major complement proteins C3, C4, and transferrin remain at normal levels. 55 In addition to these immunological changes, there is an alteration in the course of systemic inflammation in the splenectomized individual. The spleen plays an imperative role in the cholinergic anti-inflammatory pathway. Splenic macrophages are the largest producers of tumor necrosis factor (TNF) in sepsis. Upon vagal stimulation, production and secretion of TNF and other proinflammatory cytokines are attenuated and anti-inflammatory cytokines such as IL-10 are secreted. Following splenectomy, the cholinergic anti-inflammatory pathway is completely inhibited. 57, 58 Although its direct association has yet to be established, impairment in this antiinflammatory pathway may play a role in the increased propensity for overwhelming post-splenectomy infection (OPSI). Further investigation is required to identify the pathogenesis of OPSI to identify additional targets for management.
Challenges
Prompt diagnosis and management of OPSI can prevent deterioration and fatality. Early diagnosis requires health care workers to be aware of OPSI and its outcomes, to be able to quickly identify an at-risk patient or OPSI in an otherwise unsuspected patient, and to quickly initiate treatment. If a history of splenectomy cannot be obtained from the patient, collateral history from family or the presence of a surgical scar can help identify the at-risk individual. In the setting where a history of impaired splenic function is not clearly detailed, identifying the syndrome of OPSI is imperative. Overwhelming infection presents with signs of severe infection and systemic inflammation (high fever, altered mental state, vomiting, and diarrhea) beyond the individuals' expected immunological capacity, in addition to faster deterioration and higher requirements for therapy. In this individual, a blood film should be performed and reviewed urgently to evaluate for the presence of Howell-Jolly bodies, as identifying their immunocompromised state alters the course of management. In addition to the identification of the patient and the risk of OPSI, first dose of antibiotics is the most important step to survival. Swift management by applying aggressive fluid therapy and monitoring are also imperative. Early identification of the implicated organism can help guide antibiotic therapy.
Not only is it important to identify and aggressively treat these patients, it is also imperative that such infections are prevented. Prevention of infections involves vaccination, antibiotic prophylaxis, and patient education. These strategies were formed on the basis of existing practices and new evidence in the literature. Some of these recommendations are less well supported by good quality evidence and the effectiveness of these strategies is unclear. Poor uptake and adherence of prevention strategies is another barrier encountered in preventing infection. Many studies have evaluated education levels and uptake of vaccinations in splenectomized individuals and have reported sub-optimal proportions of uptake. Combating OPSI through prevention requires active involvement from both patients and health care providers to ensure uptake of immunization and adherence to antibiotics, in addition to further research to evaluate current and new strategies to prevent infection.
Solutions
Management and treatment
Sepsis in the splenectomized patient should be managed promptly and aggressively to prevent the fulminant course of disease. The course of OPSI is fulminant and deteriorates more rapidly than expected. Sepsis management bundles exist to expedite initial management. 59 In this setting, collecting two sets of blood cultures prior to administration of antibiotics is imperative to identify the offending pathogen. Performing a buffy coat or gram stain on blood film urgently can expedite identification of the pathogen and direct a more specific and appropriate antibiotic course. Aggressive fluid therapy and intensive monitoring is imperative in these individuals. Use of blood purification therapies with adjunctive adsorbent treatment should also be considered to reduce inflammatory mediators and improve hemodynamic stability as its use appears beneficial in splenectomized individuals with pneumococcal sepsis. 60, 61 Where risk of OPSI is known, such as in the splenectomized individual, adherence to prevention strategies is recommended to prevent OPSI.
Preventing infections
Educating patients in addition to utilizing vaccination and antibiotic prophylaxis is imperative in preventing infections in the splenectomized individual. As mentioned earlier, existing recommendations (Table 1 ) are based upon limited evidence. There is further scope to optimize these strategies through new vaccines and/or investigating new pharmacological agents that may combat the intrinsic impairment in immunological function after splenectomy. In optimizing strategies, the use of a clinical registry has been shown to be effective in preventing adverse outcomes associated with splenectomy. Here we describe the currently available strategies to prevent infections and the literature that supports its use.
Patient education
Patient education is considered an integral factor, if not the most important factor, for preventing OPSI. Splenectomized individuals should be educated about their post-splenectomy state, the increased risk of infection, how to prevent the risk of infection, and what to do in the case of illness. In addition, splenectomized individuals should seek medical advice prior to any travel, especially if traveling to a malaria-endemic 
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country. Additional information that individuals with asplenism should be educated with are listed in Table 2 . Studies performed by Hegarty and colleagues (2000) and El Alfy (2004) have shown that a large proportion of splenectomized individuals had limited knowledge about asplenia and the associated potential complications. 62, 63 In addition, El Alfy and colleagues revealed that those who had better knowledge had lower risk of OPSI. 63 A systematic review of online resources for asplenic patients revealed websites only covered a portion of all the information that a patient should know. 64 Limited access to information and recommendations is a barrier to improving patient knowledge. This emphasizes the importance for medical professionals to educate themselves and their asplenic patients.
Vaccination
Splenectomized individuals have impaired immunological memory due to the absence of IgM memory B cells and impaired ability to opsonize and clear encapsulated bacteria. Vaccination against S. pneumoniae, N. meningitidis, and H. influenzae type b (Hib) can help prevent OPSI by establishing immunological memory. Initial vaccinations should be administered either 14 days prior to planned splenectomy or 14 days after an urgent splenectomy to ensure an adequate response.
Vaccination with conjugated vaccines or combination schedules with polysaccharide vaccines aim to ensure adequate immunological memory and broad coverage of serotypes. Conjugated vaccines establish better immunological responses in individuals with asplenia as compared to polysaccharide vaccines. Polysaccharide vaccine-initiated immunological memory relies on the thymus-independent (T-cell independent) pathway which is significantly impaired following splenectomy. Conjugated vaccines, however, use the thymus-dependent (T-cell dependent) pathway to establish immunological memory which remains intact. 38 Whilst mucosally active vaccines are currently under investigation to induce immunity against S. pneumoniae and N. meningitidis serotype B, their role in the asplenic individual has yet to be evaluated. 65, 66 Pneumococcus can be targeted using a combination schedule of the 13-valent conjugated vaccine (PCV13) and augmenting it with the 23-valent polysaccharide vaccine (PPV23). This is aimed to ensure both effective and broad coverage of pneumococcal serotypes. Broader-coverage conjugated vaccines, that are currently being formulated and tested, will provide better immunological responses over a broader range of pneumococcal serotypes. Conjugated meningococcal vaccines are recommended in individuals with asplenia as a quadrivalent (serotypes A, C, W, and Y) vaccine and, a more recently available, serotype B vaccine. Hib vaccines are often conjugated to diphtheria or other proteins and can be safely administered in individuals with asplenia.
Although influenza itself does not pose significant risk to the individual with asplenia, there is a heightened risk associated with secondary bacterial infection. Thus, seasonal (annual) influenza vaccination is also recommended.
There is slight variability in recommendations in vaccination of individuals with asplenia (Table 3 ). Most recent guidelines [67] [68] [69] [70] recommend PCV13 administration prior to administration with PPV23. In upkeeping with new vaccines and evidence, these same guidelines also recommend initial and booster doses of the quadrivalent conjugated meningococcal vaccine (MenACWY) and the recombinant meningococcal B vaccine (MenBV) in splenectomized adult patients. However, guidelines from the Green Book (United Kingdom) (2016) do not recommend administration of PCV13, administration of the booster dose of MenACWY, or administration of MenBV in individuals with asplenia. Other than variations in pneumococcal and meningococcal vaccine recommendations, all guidelines are consistent in recommending a single dose of Hib vaccine and seasonal annual influenza vaccine. 
Antibiotics
As the infection risk is highest in the initial years after splenectomy, all splenectomized patients are recommended to take daily antibiotic prophylaxis for the initial few years. Australian Antibiotic Guidelines and Spleen Australia recommend 3 years of daily antibiotic prophylaxis initially after splenectomy. 68, 69 Guidelines elsewhere vary in their recommendations for duration of daily antibiotic use post-splenectomy. 74 Individuals who are at high risk for infections due to other comorbidities are recommended to take daily lifelong antibiotics. These antibiotic recommendations are based on two studies performed in children with hyposplenism secondary to sickle cell disease, [75] [76] [77] where antibiotic prophylaxis reduced S. pneumoniae infections. There have been no studies that have evaluated the effect of daily antibiotic use for any other indication for splenectomy nor in splenectomized adults. In addition, there are multiple issues regarding long-term antibiotic use, including microbial resistance in addition to medication adherence. 78 It remains unclear whether the benefit of antibiotic prophylaxis is suitable for other splenectomized groups and/or for adults. Some guidelines do not recommend an initial period and some recommend lifelong antibiotics for all individuals with asplenia. 74, 79 Most guidelines recommend an initial period of daily antibiotic use after splenectomy, and consideration for lifelong use based on risk for infection.
In addition to the use of daily antibiotics, splenectomized individuals are recommended to carry their own supply of high-dose antibiotics in case of emergency. These recommendations suggest that in the case of illness or symptoms associated with OPSI, patients should self-administer a highdose of antibiotics and seek urgent medical attention.
Clinical registry
Studies have suggested that use of a clinical registry may improve uptake and adherence to recommended interventions, as well as patient education. Various registries for individuals with asplenia have previously existed, including formal registries such as those in the United Kingdom and informal registries. [80] [81] [82] These registries have served various purposes including a review of vaccine immunity at registration (over a 2-year period of registration), adherence and uptake of preventative interventions and management and ongoing clinical management. The UK Department of Health provides education and management for individuals with asplenia, as evidenced by their publicly available brochures, recommendations, and wallet-sized alert card. 83 Unlike the United Kingdom, the Spleen Australia, a clinical service based at The Alfred Hospital in Melbourne, provides education and ongoing management recommendations for patients and their physicians. Studies have shown that our local clinical registry, the Spleen Australia clinical registry, has a positive effect on patient uptake of ongoing (booster) vaccinations, [84] [85] [86] is associated with a reduction in invasive pneumococcal disease, 87 and is cost-effective in its activities. 88 Improved uptake of vaccination with participation with a registry program has also been shown elsewhere. 80 The Spleen Australia registry is for individuals with asplenia and hyposplenia in Australia. It was initially established in 2003, as the Victorian Spleen Registry. Over the last 16 years, it has grown and expanded to now include Queensland and Tasmania. With almost 10,000 registrants on the registry to date, the Spleen Australia registry proactively registers eligible patients onto the registry and provides education and advice about their long-term care associated with asplenia or hyposplenism. Where are we now?
Although there may be variation in recommendations globally, all guidelines should target the three arms of preventionpatient education, vaccination, and antibiotic prophylaxis. However, there still remains a risk of OPSI even if all prevention interventions are taken. Infection rates are extremely low. Vaccines studies often evaluate effectiveness by serology and not clinical outcomes. Thus, there is limited evidence that determines the effectiveness of each intervention (or combined uptake of all interventions) in preventing infection.
The persistent risk of OPSI may also partly be explained by sub-optimal uptake of interventions and levels of patient education. 62, 63, 89, 90 Our experience with Spleen Australia has shown us the challenges in optimizing uptake with expensive vaccines, supporting ongoing adherence with updated recommendations, engaging longterm registrants, and back-tracking to find old splenectomy patients who have never received education about their risk of infection nor received vaccines for their post-splenectomy risk of infection.
Even with optimal uptake of interventions, vaccine failure (infection where the pathogen is a serotype that is covered by a vaccine that has been administered) may occur or a non-vaccine preventable pathogen may cause an infection. Early presentation to medical services in the case of illness is imperative in limiting the progression of sepsis in the splenectomized individual. Small drug molecules, including but not limited to TLR antagonists, have been investigated in their ability to inhibit or prevent the progression of sepsis with limited clinical success. 91, 92 Caspase-inhibitors, C5a antagonists, and COX-inhibitors, in addition to other small molecule drugs, are under investigation in their potential role in inhibiting sepsis. [91] [92] [93] Early recognition of the risk of OPSI and prompt management using sepsis bundles and protocols is of the utmost importance.
Presence of preserved splenic tissue either protected using splenic preservation procedures, not removed at time of splenectomy or auto-transplanted may provide splenic immunological function. Individuals who receive splenic preservation procedures such as splenic artery embolization are considered immunocompetent, as they do not lose their population of IgM memory B cells. 94 Splenic preservation procedures can be utilized as an alternative to splenectomy and are becoming increasingly used for higher-grade splenic injury to stop blood loss and salvage the spleen and its functions. Presence of residual functional splenic tissue after splenectomy may also provide splenic immunological function. This can occur in the form of an embryologically derived accessory spleen or spontaneous autotransplantation (splenosis). However, its immunological contribution remains unclear and appears variable. 95 Autotransplantation of splenic tissue has been considered as an option to retain splenic tissue and there is work to evaluate its feasibility and contribution. However, there remain challenges around the surgical procedure including amount of volume of tissue to implant, location of implantation, handling of splenic tissue, and surgical procedure. [96] [97] [98] Although splenic preservation procedures are a great and effective alternative to splenectomy, they can only be utilized in specific conditions such as trauma. Prevention of infection for individuals who receive splenectomy for hematological conditions or malignancy remains limited to vaccination and antibiotic use.
There remains scope to increase awareness of the impact and severity of OPSI amongst health professionals, patients, and in the general community. Individuals who have received a total splenectomy should be registered to a spleen registry if available. They should also receive initial and ongoing vaccines and take adequate antibiotic prophylaxis. Patients should have a thorough understanding of the risk of infection without a functioning spleen and should be fully aware of what they should do in the circumstance of illness. Prevention of infection and prompt management are imperative in ensuring the patient has the best chance of surviving OPSI unscathed. In addition, further research into the effectiveness of recommended interventions will better inform physicians to optimize management for these patients.
Conclusion
The body's immunological armor is damaged with removal of the spleen, providing a gateway for infections with poorly opsonized bacteria. Sepsis in the splenectomized individual is often severe and associated with high morbidity and mortality. Ongoing prevention with vaccination, antibiotic prophylaxis, and patient education is imperative in reducing the risk of infection. Early identification and prompt management in the circumstance of infection provide the splenectomized individual the best chance of survival. Further research is required to optimize existing prevention strategies and to improve management reduce the impact of OPSI on the splenectomized individual.
